Modeling of Specific Lipopolysaccharide Binding Sites on a Gram-Negative Porin.
Protein-lipopolysaccharide (LPS) interactions play an important role in providing a stable outer membrane to Gram-negative bacteria. However, the LPS molecules are highly viscous, and sampling LPS motions is thus challenging on a microsecond time scale in simulations. To this end, we introduce a new protocol to randomly allow the LPS molecules to self-assemble around the protein and thereby reduce the starting bias in the simulations. Here we present all-atom molecular dynamics simulations of the OmpE36 porin in an outer membrane model which sum up to a simulation time of more than 20 μs and identify the geometrical properties of the first LPS shell and the role of calcium ions in LPS binding to the protein. The simulations reproduce LPS binding to the porin observed in a recently determined crystal structure but not as compact as in the crystal structure. In addition, the influence of the outer membrane environment on the protein dynamics was analyzed. Our findings highlight the role of divalent cations in stabilizing the binding between proteins and LPS molecules in the outer membrane of Gram-negative bacteria.